Current discussion of the importance of food fats in the risk of coronary heart disease (CHD) often suffers from preconceptions, misunderstandings, insufficient knowledge, and selective reasoning. As a result, the sustained controversy about dietary fat recommendations can be contradictory and confusing. To clarify some of these issues, the International Expert Movement to Improve Dietary Fat Quality in cooperation with the International Union of Nutritional Sciences (IUNS) organized a symposium at the 21st meeting of the IUNS, October 17, 2017, Buenos Aires, Argentina, to summarize the key scientific evidence underlying the controversy on the relationship between the saturated and unsaturated fat consumption and CHD risk. Presenters also discussed, using examples, the rationale for and implications of the partial replacement of foods rich in saturated fats by those rich in unsaturated fats. Presentations included strategies to fit healthier fats into meals. This report summarizes the symposium presentations. 
evidence from intervention trials as well as observational studies and discussed the difficulties and limitations of the different studies. By doing that she emphasized the importance of taking all available evidence from human studies into account when recommendations and guidelines on SAFA and CHD are discussed.
Brouwer focused on 3 key systematic reviews and metaanalyses of dietary SAFA and the risk of CHD [3] [4] [5] . She pointed out that nutritional studies are not the same as nor equivalent to medical or pharmaceutical studies. In a sense, they are more complex due to well-known dietary variables that are difficult, if not impossible, to control [2, 6] . Nearly everyone in a population is exposed continuously, nutrition variables may be interrelated, eating patterns change over time, there is no placebo, and macronutrients provide energy. In pharmaceutical trials, 1 group is given the treatment and the other is not, but exposure in both groups is otherwise similar. The control group may be given a placebo, which should be indistinguishable from the treatment. In studies of dietary fat, the replacement macronutrient may be carbohydrates, proteins, other fatty acids or a combination of these possibilities. In addition, macronutrient replacement may be partial, for example, 5% energy (En), so that both groups may still be exposed to the experimental variable. Weight change/loss may occur depending on the participant's behavior. Further, individuals have limited awareness of their dietary habits, making the measurement of dietary intake a crucial, often limiting, feature of observational nutrition research among free living participants.
In the evaluation of dietary SAFA studies, meta-analyses and systematic reviews constitute the strongest type of evidence, but they may be of varying quality [7, 8] . They have received recent criticism for various methodological issues that can affect the conclusions [9, 10] . The next strongest evidence comes from double blind, randomized controlled trials (RCT) where the actual effect of a treatment is compared with a placebo. These studies are of a shorter term than observational studies, may not reflect real-life experience, can have compliance difficulties, and usually involve a smaller number of participants. Their advantage is being able to demonstrate cause. Next in the hierarchy of evidence are observational cohort studies, which reflect the natural environment, can be of longterm duration, have large study groups, and are complex but lack a control. Observational studies cannot establish cause but may show association. Both types of studies require choices about disease endpoints versus intermediate endpoints and have drawbacks [6, 11] . Weaker study designs include case-control studies, case series, and reports and finally, opinions and editorials.
These issues demand caution when drawing conclusions on the basis of only one kind of evidence. For example, several meta-analyses of RCTs on the replacement of SAFA with mostly n-6 PUFA have been published. They are all more or less based on the same studies because more meta-analyses do not necessarily mean that new studies have been published. For example, in the review of Hooper et al. [3] , the partial replacement of SAFA by PUFA caused a 27% reduction in cardiovascular disease (CVD) events but did not affect mortality. The latter is not surprising, as the duration of the RCTs is limited. Hamley came to a different conclusion when he grouped relevant trials as adequately or inadequately controlled, depending on whether there were substantial dietary or non-dietary differences between the experimental and control groups [9] . Based on his grouping of the trials, he concluded that adequately controlled trials showed no association between partial replacement of SAFA with PUFA and risk of total CHD events, major CHD events and CHD mortality, while inadequately controlled trials found significant reductions in these risks [9] . Considered together, the trials showed no effect on CHD mortality, but they pointed toward a protective effect of replacement of SAFA with PUFA on cardiovascular events.
An extremely important issue when judging observational studies is whether the replacement nutrient has been taken into account. For example, in a meta-analysis of 16 prospective cohort studies on SAFA and risk of CHD, Siri-Tarino et al. [12] concluded that there was no significant evidence that dietary SAFA were associated with risk of CHD. However, the study did not account for the replacement nutrient for SAFA, which affects the CHD risk assessment [5] .
However, data from the Nurses' Health Study and the Health Professionals Follow-up Study showed that isocaloric substitution of 5%En from SAFA by PUFA was associated with a 25% reduction in CHD risk [4] . Similarly, Mozaffarian et al. [5] estimated that the replacement of 5%En from SAFA with the equivalent energy from PUFA was associated with a 17% lower risk of CHD. In these large analyses, the reduction in SAFA consumption along with an equivalent replacement by PUFA was associated with a marked reduction in CHD risk.
Finally, Brouwer commented on the recently published results of the PURE study [13] . This was an 18-country, 7-year, prospective, cohort study that examined the associations of dietary fats and carbohydrates with risk of CVD and mortality. The investigators reported a lower risk overall of total mortality with the highest intakes of total, SAFA, MUFA, and PUFA, but no single DOI: 10.1159/000488006 type of fat was related to CVD mortality, CVD, or myocardial infarction. Important features of this study were the preponderance of observations from Asian and other countries with habitually low total and SAFA fat consumption, high carbohydrate intakes (≥60%En), especially of refined carbohydrates such as white rice and white bread, and mortality mainly from non-CVD causes. Under these circumstances, estimates of different types of fat intakes by food frequency questionnaire and relationships between dietary fat variables and CVD/CHD events and mortality will be more difficult to detect. Dehghan et al. [13] question the current dietary guidelines of the WHO, claiming that the study shows that people with a high intake of saturated fat are better off. In fact, the study shows that people in the low intake categories have a higher risk of dying early, which is not surprising, as these people have such low fat intakes that it is virtually impossible to choose a wholesome, complete diet. The main problems in these cohorts are in the lowest categories where the intakes of fat and saturated fat were so low that it was virtually impossible to choose a wholesome, complete diet. Such intakes cannot be recommended. The findings of the PURE study are not in contrast with the recommendation of the WHO to replace saturated fat by unsaturated fat and strive for a SAFA intake below 10%En.
Given the strength of all available evidence, Brouwer endorsed recommendations for the partial replacement of SAFA by unsaturated fatty acids to reduce CHD risk, despite the limitations she described. She also noted that it is not only impossible, but undesirable, to replace all SAFA, and that striving for 10%En from dietary SAFA is a "good guideline."
Evidence Relating Dietary PUFA to CHD Risk Joyce Nettleton, Denver, CO, USA, reviewed the evidence on PUFA and CHD. She noted that nearly half (45.4%) of cardiometabolic deaths in the United States were attributed to unhealthy diet, specifically low intakes of nuts, seeds, and n-3 long-chain (LC) PUFA from seafood [14] . Studies conducted in the 1950s linked dietary fat and cholesterol with serum cholesterol (serum-C) levels and the development of atherosclerosis [15, 16] . Kinsell et al. [17] reported that participants who were fed on large amounts of vegetable fats experienced a major fall in serum-C levels, even with high dietary cholesterol intake. But it was Ancel Keys' publication of the relationship between total dietary fat energy and serum-C levels, as observed in the Seven Countries study [18] that cemented the relationship between dietary fat, serum-C and risk of CHD. That led the American Heart Association (AHA) in 1961 to declare that serum-C could be reduced by "eating less foods containing cholesterol," decreasing total fat intake, and replacing a substantial portion of (SAFA)-rich foods with vegetable oils and fish fat [19] . By 2000, the emphasis on lowering total fat intake shifted to moderate fat consumption and diets low in saturated fat and cholesterol [20] . Reducing serum-C levels through diet, lifestyle, and drugs remains the cornerstone of managing CHD risk. The replacement of SAFA-rich foods with those rich in unsaturated fatty acids, especially PUFA, is the key dietary fat recommendation of the World Health Organization [21] , AHA [10] , European Society of Cardiologists [22] , the United States [23] , the Netherlands [24] , Nordic countries [25] , Germany [26] , and several other countries.
The scientific basis and clinical effectiveness of these dietary fat recommendations are not without dispute [9, 27, 28] . Critics contend that insufficient evidence of benefit supports limiting SAFA intake to ≤10%En [29, 30] ; partial replacement of dietary SAFA with PUFA does not affect the risk of CHD, CVD, or CVD mortality in some studies [9, 27] , and increased linoleic acid intake (LA) does not affect CHD mortality [28] . It is critical that any reduction in or replacement of SAFA consider the macronutrient that replaces it [31] .
Many observational studies have reported significant risk reductions for CHD or CVD mortality based on the estimated effects of the substitution of PUFA for SAFA [32] [33] [34] , high compared with low dietary or circulating LA [35, 36] or observed a reduction in low-density lipoprotein cholesterol (LDL-C) and the ratio of total to highdensity lipoprotein cholesterol (total-C:HDL-C), markers of CHD risk [31] . However, others have estimated that the replacement of SAFA with PUFA or LA is not significantly associated with CHD risk or mortality [13, 37, 38] . One study reported an increased risk of mortality with cholesterol lowering from a high-LA diet [28] .
Meta-analyses of RCTs on dietary PUFA and CHD mortality have reported a significant decrease in the risk of CHD events [3, 5, 38] but no effect on CHD mortality. However, disagreement with the studies included in these analyses and others prompted Al-Khudairy et al. [39] and Hamley [9] to conclude that replacing SAFA with mostly n-6 PUFA is unlikely to reduce CHD events or mortality. In contrast, Sacks et al. [10] , on behalf of AHA, concluded from 4 well-controlled RCTs that lowering the intake of SAFA and replacing it with unsaturated fats, especially PUFA, reduced CHD by about 30% and would lower the incidence of CVD. Partial replacement of SAFA with mainly vegetable unsaturated fatty acids may overlook the specific contributions of omega-3 (n-3) PUFA to CHD risk reduction. n-3 PUFAs include the short-chain (18: 3n-3), plantbased n-3 PUFA, alpha-linolenic acid (ALA), and LC forms, mainly eicosapentaenoic acid (EPA, 20: 5n-3) and docosahexaenoic acid (DHA, 22: 6n-3), found predominantly in seafood. ALA is the most common dietary n-3 PUFA and occurs in some seeds and nuts and their oils, while n-3 LCPUFA occur in fish, especially fatty fish, fish oil/algal oil capsules, eggs, poultry and some genetically modified plants [40] . Controversy also plagues clear dietary guidance on the consumption of n-3 PUFA.
Although ALA accounts for the greatest intake of n-3 PUFA, it is less biologically potent than n-3 LC-PUFA and generally thought to require conversion to its LC derivative, EPA, for CVD benefits [40, 41] . Recent reviews of n-3 LCPUFA in reducing the risk of CHD disease and mortality have supported modest CVD benefits [1, 42, 43] , with some questions about the strength of the evidence and effect sizes [44] . Benefits and CHD risk reduction are most often observed among individuals at high risk of CHD, that is, those with high triglyceride levels, high total cholesterol or LDL-C, and prevalent heart failure [43] [44] [45] and in studies of secondary rather than primary prevention. Doses of n-3 LCPUFA of 1 g/day or more are more likely to be associated with reduced CHD risk than lower amounts.
In summary, CHD risk is affected more by the type of dietary fat than the total amount of fat consumed [1] . Reducing the intake of 1 type of fat must also consider the replacement macronutrient. RCTs of the partial replacement of SAFA with PUFA [5] and observational studies comparing high versus low intakes of whole grains on the risk of CHD [46] [47] [48] were associated with significantly lower CHD risk, whereas refined carbohydrates were associated with slightly increased risk and protein with no effect on risk [3, 4] . Total PUFA intake may not distinguish between n-6 and n-3 PUFA, which may act by different mechanisms, but consumption of both classes is associated with lower CHD risk [1, 36] .
Replacement of Dietary SAFA with Unsaturated Fatty Acids
Ronald Mensink, Maastricht University, the Netherlands, delved into the rationale for replacing SAFA with unsaturated fatty acids. He noted that dietary recommendations often suggest consuming no more than 10%En from SAFA [23, 25] , yet SAFA intakes exceed 10%En in many countries [49] . The logic behind such a recommendation derives from the risk factor model for CHD causality, in which LDL-C is a causal risk factor for CHD [50] and a mixture of dietary SAFA increases LDL-C compared with other macronutrients [31] . A fatty acid is considered hypercholesterolemic when it replaces an equivalent amount of energy from dietary carbohydrates and the exchange increases the total cholesterol. Carbohydrates have arbitrarily been considered neutral with regard to serum cholesterol.
Different classes of fatty acids have different effects on LDL-C relative to carbohydrates. Thus, SAFA and trans monounsaturated fatty acids (MUFA) raise LDL-C levels, while cis-MUFA and cis-PUFA lower them [4, 51] . The effects of trans-MUFA are the most unfavorable and those of cis-PUFA are the most favorable. Compared with cis-PUFA, SAFA, trans-MUFA, and carbohydrates significantly increase LDL-C. Further, the type of carbohydrate that replaces SAFA makes a difference. Carbohydrates from refined starches and sugars do not affect CHD risk, but those from whole grains are associated with a significantly lower CHD risk [4] .
In addition to the type of macronutrient exchange, which biomarker or combination of biomarkers is used to assess CHD risk affects the estimate. Potential biomarkers include LDL-C, apolipoprotein B, small dense LDL, HDL-C, apolipoprotein A1, total-C:HDL-C ratio, and others. For example, replacement of dietary SAFA by carbohydrate, especially refined carbohydrate, is associated with increased small dense LDL particles and CHD risk [52] and may not improve the serum lipoprotein profile [51] .
Would it be appropriate for diets to distinguish among the different SAFA? When evaluated individually relative to carbohydrates, lauric, myristic, and palmitic acids (C12-C16) each raise LDL-C concentrations significantly, but stearic acid (C18) does not [51] . Mensink noted that intakes of SAFA with fewer than 12 carbons are low and their effects on serum lipids not assessed in many studies. Tholstrup et al. [53] compared the effects on plasma lipids of 3-week diets containing 25%En from medium-chain triglycerides (MCT) containing C8 and C10 SAFA or high-oleic acid sunflower oil with habitual dietary fat in the Danish diet and reported that MCT diets increased plasma LDL-C and triglycerides compared with a higholeic acid diet, but did not raise HDL-C concentrations.
An additional consideration is the multifactorial nature of CHD: diet, genes, environment, co-existing clinical conditions, such as dyslipidemia, and type 2 diabetes, hemostatic function, blood pressure, immune function, smoking, and many other factors that affect CHD risk. Many of these are affected by dietary fatty acids. For example, in a controlled study of the effects of trans fatty acids, C12-C16 SAFA, stearic acid, oleic acid, and carbohydrate on plasma markers of inflammation and endothelial function, trans fatty acid consumption raised the levels of C-reactive protein, interleukin-6, and E-selectin compared with oleic acid or carbohydrate, but these effects were modified in the presence of stearic acid. Only stearic acid increased plasma fibrinogen levels, while interleukin-6 levels rose with stearic acid, C12-C16 SAFA, and trans fatty acids [54] . The effects of dietary fatty acids on other non-lipoprotein-related pathways, such as blood pressure, hemostatic function, postprandial metabolism, are mixed [55] .
We consume fatty acids in fats and oils, which contain a variety of SAFA in different proportions. The predominant SAFA in western diets are palmitic (C16) and stearic (C18) acids, which comprise most of the SAFA in butter, palm oil, and cocoa butter [56] . Lauric acid (C12) is a major SAFA in coconut and palm kernel oils. Various fats and oils have different effects on LDL-C, with those rich in SAFA increasing LDL-C concentrations and those rich in MUFA and PUFA reducing LDL-C. However, the food matrix also influences the effect of fat-rich foods on LDL-C as illustrated in studies comparing the cholesterolemic effects of cheese consumption with those of butter [57, 58] . This topic is under active investigation.
Mensink concluded that we should not give the impression that SAFA need to be abandoned from the diet. A food or food pattern is more than a single nutrient. However, their intake should not be unlimited. The focus on limiting dietary SAFA consumption requires consideration of the replacement macronutrient. Although individual SAFA behave metabolically differently, it is not known whether they affect health differently.
Fitting Healthier Fats into Meals
It is now recognized in recent dietary guidelines from the United States [20] , Nordic countries [26] , the Netherlands [24] , Public Health England [59] and in healthy eating patterns, such as the Mediterranean [60] and Dietary Approaches to Stop Hypertension Diets [61] , the general public needs food-based recommendations rather than nutrient-based guidelines. As Connie Diekman, Washington University, St. Louis, MO, USA, put it, consumers want to know what to eat. They want to trust the science and dietary guidelines and they need simple tips, tools, and advice. Diekman cited AHA's "Facts on Fats," which groups food fats into 3 groups to love (e.g., vegetable oils, fish), limit (e.g., butter, cheese, heavy cream), or lose (donuts, cakes, coconut oil) [62] . Shifting to healthier fats means eating more plant oils such as canola, avocado, or soy instead of animal fats such as lard, butter, and cream, using fat-free plain yogurt instead of sour cream, fat-free, or low fat milk instead of whole milk and eating seeds, fatty fish, and nuts regularly.
A healthy eating pattern includes more plant-based foods, for example, vegetables, fruits, whole grains, legumes, and nuts, fish, and less red and processed meat, sugar-sweetened foods and drinks, and refined or highly processed grains [63] . Diekman noted several key steps in developing a healthier eating pattern: be mindful that taste drives food choices, practical and easy always wins, begin with the current eating pattern rather than an ideal, emphasize lifestyle over short-term changes, allow for slow, easy change, and recognize that dietitians can help clients and patients make the changes.
The translation of science for consumers links greater SAFA intakes to higher LDL-C levels and hence, higher risk of CHD. Thus, dietary guidelines focus on choices among food fats, suggesting some limitations. Choosing more plant foods is advantageous for CHD and overall health [61, 63] . Recognizing that fats and fatty acids are not the enemy, the focus must be on adopting a healthy eating plan that provides a balance among different types of fats. In conclusion, Diekman observed that where controversy divides, science can unite.
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